Abstract. Ewing sarcoma/primitive neuroectodermal tumors (ES/PNETs) may arise in bone or soft tissue; however, these tumors rarely originate in the stomach. To the best of our knowledge, only four cases have previously been reported in the English-language literature. A 41-year-old Japanese woman was admitted with abdominal pain and underwent gastrectomy to remove the primary tumor. Immunohistochemistry, chromosomal karyotype and molecular analysis using reverse transcription-polymerase chain reaction were performed in the tumor specimens obtained. Tumor cells showed positive immunoreactivity for CD99, vimentin, CD117 (c-kit), S100, chromogranin A and synaptophysin. The tumor was a gastric ES/PNET with the EWS-FLI1 fusion gene translocation t(11;22)(q24;q12). Multiple repeat metastasectomies, as well as multi-agent chemotherapy and radiotherapy were performed for recurrent disease. Despite treatment, the patient succumbed due to progressive disease 110 months after the initial surgery for gastric ES/PNET. A review of the reported cases suggests that patients with gastric ES/PNETs have an unfavorable prognosis following resection due to the high propensity of these tumors to metastasize. Thus, multimodal treatment approaches including surgery, as well as multi-agent chemotherapy and radiotherapy may provide a survival benefit for patients with gastric ES/PNETs.
Introduction
Ewing sarcoma/primitive neuroectodermal tumors (ES/ PNETs) are malignant tumors whose cells typically express the CD99 surface antigen encoded by the MIC2 gene (1). ES/PNETs most commonly arise in bone, and occasionally originate in soft tissue (1). However, it is relatively rare for ES/PNETs to arise from the stomach. Only four cases of gastric ES/PNETs have been reported in the English-language literature (PubMed, National Library of Medicine, Bethesda, MD, USA) prior to September 2010 (2-5). In this study, the four cases were assessed and an additional case was reported to further characterize the clinicopathological parameters in gastric ES/PNETs.
Case report
A 41-year-old Japanese woman was admitted with abdominal pain in 2000 to Saiseikai Niigata Second Hospital, Niigata, Japan. A contrast-enhanced computed tomography scan revealed a solid mass in the anterior wall of the stomach (Fig. 1A) . She underwent a distal gastrectomy and regional lymphadenectomy. The resected specimen contained a firm, round tumor with extraluminal growth, 90x55 mm in diameter, located in the anterior wall of the stomach (Fig. 1B) . Histological examination revealed the tumor arising from the muscularis externa of the stomach (Fig. 1C) . Tumor cells were characterized by uniform, compact, round to oval nuclei, a modest amount of pale eosinophilic cytoplasm, and pseudorosette formation (Fig. 1D ). Tumor cells showed positive immunoreactivity for CD99 (Fig. 1D) , vimentin, CD117 (c-kit), S100, chromogranin A and synaptophysin. The chromosomal karyotype demonstrated the translocation t(11;22)(q24;q12) (Fig. 2) . Molecular analysis using reverse transcriptionpolymerase chain reaction revealed the EWS-FLI1 fusion gene translocation t(11;22)(q24;q12). Thus, the primary gastric tumor was determined to be an ES/PNET.
During the 6 years following the initial surgery, the patient underwent five metastasectomies for isolated peritoneal metastases. A follow-up computed tomography scan performed 6 years post-gastrectomy showed multiple intra-abdominal peritoneal metastases. The patient received three courses Gastric Ewing sarcoma/primitive neuroectodermal tumor: A case report of chemotherapy according to the modified Rosen T-16 (6) protocol, comprising ifosfamide (2000 mg/m 2 /day, day 1-5), etoposide (120 mg/m 2 /day, day 2-4), doxorubicin (30 mg/m 2 / day, day 5 and 6) and cyclophosphamide (1250 mg/m 2 /day, day 1 and 2) intravenously. A subsequent computed tomography scan revealed that the tumor had responded partially to the treatment as defined by the Response Evaluation Criteria in Solid Tumors (RECIST) criteria (7). Metastasectomies were then performed to remove multiple peritoneal metastases. Following these surgeries, the patient received five courses of chemotherapy, which followed the modified Rosen T-16 protocol, over a 5-month period. The patient then underwent three metastasectomies for isolated peritoneal metastases. In 2008, a follow-up computed tomography scan identified para-aortic lymph node metastases. The patient received radiation therapy for the recurrent nodal disease, and a computed tomography scan revealed a partial response by the tumor to this treatment as defined by RECIST criteria. However, despite treatment, the growth of the peritoneal metastases progressed and para-aortic and mediastinal lymph node metastases appeared. The patient succumbed due to progressive disease 110 months after the initial surgery for gastric ES/PNET.
Discussion
The term 'Ewing sarcoma' has been used for tumors that lack evidence of neuroectodermal differentiation as assessed by light microscopy, immunohistochemistry and electron microscopy, whereas the term 'PNET' has been employed for tumors that exhibit neuroectodermal features as evaluated by one or more of these modalities (8). Originally thought to be a separate entity, PNET is now known to commonly share similar immunohistochemical characteristics and an identical chromosomal translocation t(11;22)(q24;q12) with ES. The two diseases are now treated as a single entity (8, 9) . In the present case, the EWS-FLI1 fusion gene translocation t(11;22) (q24;q12) indicated that the tumor arising from the muscularis externa layer of the stomach was a gastric ES/PNET.
The most useful immunohistologic reagent for the diagnosis of ES/PNETs is a monoclonal antibody to CD99 (HBA/71, 12E7 and 013) that is able to identifty a cell surface protein. This protein is the product of the MIC2 gene, which is located on the pseudoautosomal region of the X and Y chromosomes (1). Immunohistochemical staining using an antibody to CD99 has been strongly positive in 90 to nearly 100% of cases reported to be ES/PNETs (10,11). An evaluation of the five reported cases of gastric ES/PNETs revealed that tumors from all cases showed positive immunoreactivity for CD99. Immunohistochemical staining for the intermediate filament vimentin is usually positive in ES/PNET cells (1). Similarly, the five reported cases of gastric ES/PNETs showed positive vimentin expression in tumor cells. Neural markers, such as S100, chromogranin A, synaptophysin and neuronspecific enolase, demonstrate variable immunohistochemical staining in ES/PNET cells, which may be due to the differing degrees of neuroectodermal differentiation in the individual tumors (1).
In the five reported cases of gastric ES/PNETs (Table I) , surgical resection was possible in all cases. Although three of the reported cases, including our case, had distant metastases, only our patient underwent multiple repeat metastasectomies for recurrent disease. Since our patient survived more than 9 years following the initial surgery for gastric ES/PNETs, repeat metastasectomies for isolated recurrence, where feasible, may improve survival in patients with gastric ES/PNETs.
The current standard chemotherapeutical treatment for ES/PNETs is a regimen comprising the drugs: vincristine, doxorubicin, cyclophosphamide, ifosfamide and etoposide. Chemotherapy often enables the cure of ES/PNET patients with localized disease. However, in patients with metastatic spread its benefit is usually limited to extending the length of time of progression-free survival (12,13). The findings of Haeusler et al demonstrated that combined modality treatment (surgery, multi-agent chemotherapy and radiotherapy) improved survival in patients with metastatic spread of ES/PNETs (14).
The results of our case demonstrated that combined modality treatment was effective in achieving long-term survival. These results therefore indicate the importance of multimodal treatment approaches for patients with ES/PNETs.
In conclusion, gastric ES/PNETs are rare tumors with high metastatic potential. Multimodal treatment approaches including surgery, multi-agent chemotherapy and radiotherapy may provide a survival benefit for patients with gastric ES/ PNETs. M, male; F, female. HEP, hepatic; ND, not described; PER, peritoneum; LYM, lymph nodes. AWD, alive with disease; DOD, died of disease; NED, (alive with) no evidence of disease.
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